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ABSTRACT

O-rings originally conforming with Military Specification MIL-P-5516 and

which had reached the maximaum allowed storage age of 4 years, were tested after

an additional 5 years of shelf aging. During the original 4 years the rings

were sealed in lined envelopes, tut during the ensuing 5 years, some rings were

exposed to light and air, some were exposed to air with light excluded and some

were kepi sealed in the original envelopes.

No significant changes in physical properties from the standpoint of serv-

iceability were observed after shelf aging for 5 additional years uider t,-

above conditions.

It is concluded that 0-rings which meet the requiremenwts of Specification

MIL-P-5516 will give satisfactory service after at least 9 years shelf aging

at moderate room temperatures.
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INTRODUCTION

1. The Rubber Laboratory was requested by the Bureau of Ships in references Ca),

(b), (c) and (d) to determine the effects of shelf aging on the physical properties

of O-rings forwarded as enclosures with references (a) and (b). The 0-rings were

Size AN6230-6, manufactured by the companies identified in Appendix I to conform

with the requirements of Military Specification MIL-P-5516A, reference (e). When

received by the Laboratory, the O-rings had already been in storage for a period

of 4 %ears.
:I

2. TV;e Bureau of Ships, in reference (a). requested r e Laboratory to test the

0-rings upon receipt and yearly thereafter. T'e O-rings were to be s::elf aged a.

70 - 80*F under the following conditions:

a. Sealed in original, air-tight, lined, envelopes.

b. Remoed from the envelopes and exposed to air and diffuse ltg':t from

neon-filled tubes tlight expo:ure approximnatel. 10 jours of every

working day).



I• c. Removed from the envelopes and exposed to air with light excluded.

ii TEST PROCEDURES

13. To determine tL-e effects of bhelf aging, the properties listed below were

measured on the rings as received and after five years aging under conditions

I outlined in paragraph Z. Tle temperature during the aging period was 73.5 ± 2rF.

Forty rings were used to determine the initial tensile properties and 20 rings

were used to determine the aged tensile properties for each storage condition.

4 Permanent set was measured on ten rings initially, and on five rings after aging

under each storage condition.

a. Tensile strength, ultimate elongation and tensile stress at 100%

elongation were determined according to methods 4111, 4121 and 4131

respectively, of Federal Test Methods Standard No. 601, reference (f).

I b. Permanent set was measured according to Military Specification MIL-P-5516A,

Class A, paragraph 4.5.2.4, reference (e).

I c. Specific gravity was measured according to Method 14011 of Federal Teat

Methods Standard No. 601.

RESULTS OF TESTS

4. T.e re.iults of the tests performed on the O-rings when received (4 years after

II manufacture) and after 1, 2, 3, 4, and 5 years additional shelf aging are Riven

Sn Appendix Z. The results of tests after 1, 2, 3, and 4 years, given in Reports

(42-6. 92-7, 9Z-9 and 9.'-15, references (g), C), (i), and CJ), respectively, are

repeated *or comparison.

5. The data show th:at no changes in the measured p:,ysical properties have occurred

dur~ng rCe 1. 2, 3, 4, or 5 additional years of sielf aging. which would signifi-

cantlk affect t!:e serviceability of the 0-rings. The greatest change observed



was in the stress at 100% elongation of the Code 2 rings stored exposed to air and

light for 5 years in addition to the original 4 years; an increase of 22% was ob-

tained. This change would not affect the serviceability of the 0-rings.

CONCLUS IONS

I b. From tie results of this investigation it is concluded that O-rings originally

meeting the requirements of Military Specification MIL-P-5516A will be satisfactory

for service after shelf aging at moderate temperatures for at least 9 years.

I FUTURE WORK

7. The sitelf aging of the O-rings is being continued.

PERSONNEL

Tests performed by: J. M. Holloway, Technnlogist

Report prepared by: e?_e_______

A. E. Barrett, Supervisory Technologist

Approved by: R i. r.1

R. E. Morris., Head, Rubber Laboratory
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I A-TPENDICES

fI. Table. Identification of nenu Lacturers of O-rings.

2. Table. Effect of Shelf Aging for Nine Years on Properties of MIL-P-5516

O-Rings.
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EFFECT OF SHELF AGING FOR NINE YEARS 0.. I 4TES 0Atr 4yrs.Ec~ CGON ~

Sshelf aging After 5 Xrb, -helf aging After 6 'S

Properties A* A* B_ C* FA

Tensile strength, psi 1600 1590 1570 1560 1630 15.
Change in tensile strength, % -0.6 -2 -3 +2 -2 +0.6

SUltimate elongation, % 140 150 150 140 140 140 140
Change in ultiMate elongation, % +7 +7 0 0 0 0
Tensile stress, 100% elongation, psi 1090 1020 1010 1050 1140 1090 1080
Change in tensile stress, % -6 -7 -4 +5 0 -1
Permanent set, 507 elongation, % 2 1 1 1 1 1 1
Change in permanent set, % -50 -50 -50 -50 -50 -50
Specific gravity 1.31 1.34 1.34 1.34 1.34 1.34 1.34
Change in specific gravity, % +2 +2 +2 +2 +2 +Z

Cod(
A A B C A B C

Tensile Ntrength, psi 1730 1630 1770 1770 1760 1750 1740
Change in tensile strength, % -6 +2 +2 +2 +1 +1
Ult inate elongation, % 150 150 160 150 150 150 150
Change in ultimate elongation, % 0 +7 0 0 0 0
Tensile stress, 1007 elongatiou, psi 980 960 1000 980 1010 1050 980

Change in tensile stress, % -2 +2 0 +3 +7 0
Peri•anent set, 50% elongation, % 1 1 1 1 1 1 1
Change in permanent set, % 0 0 0 0 0 0
Specific gravitv 1.31 1.32 1.32 1.32 1.32 1.32 1.32
Change in spec itic gravity, 7% -+1 +1 +1 +1 +1 +1

*A - 0-rings stored in sualled envelopes

B - O-rings exposed to air and arttiici.,l light
C - 0-rings expooed to Jir ZL:t iig',t e::!-iu.ed

NOTE: ,,i" . p.u', :,,ur , p rf :.,r d i, . , , L L- i' aux t ituon rnaintaincd at i3.5 "-



SHELF AGING FOR NINE YEARS ON PROPERTIES OF MIL-P-5516 O-RIf;S 2
Code 1 O-Rings

bliheIf a&Lng After 6 yrs. shelf agina After 7 yrs. shelf aging After 8 yrs, shelf aging After 9 yrs. shelf ap
__* C* A B C A B C A B C A B C

.70 1560 1630 1570 1610 1550 1550 1580 1560 1590 1560 1550 1590 1620
2 3 +_ -2 +0.6 -3 -3 -1 -3 -0.6 -3 -3 -0.6 +1

30 140 I .0 140 140 110 130 140 140 130 140 140 140 140
+7 0 0 0 0 -7 -: 0 0 -7 0 0 0 0
'10 1050 1140 1090 1080 1130 1150 1130 1110 1180 1080 1060 1160 1100
-7 -4 +5 0 -1 +4 +6 +4 +2 +8 -1 -3 +6 +2

1 1 1 1 1 1 1 1 1 1 1 1 1 1

50 -50 -50 -50 -50 -50 -50 -50 -50 -50 -50 -50 -50 -50
1.34 1.34 1.34 1.34 1.34 1.34 i.31' 1.34 1.33 1.34 1.33 1.34 1.34 1.34

4-2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2

Code 2 O-Rings
B C A B C A B C A B C A B C

'70 1770 1760 1750 1740 1750 1760 1760 1750 1770 1640 1710 1790 1560
+ 2 4 +2 +1 +1 +1 +Z +2 +1 +2 -5 -1 +3 -10

60 150 150 150 150 150 140 150 150 160 160 140 140 160
+7 0 0 0 0 0 -7 0 0 +7 +7 -7 -7 +7
)00 980 1010 1050 980 1110 1120 1090 1050 1080 850 1110 1200 870
41 0 +3 +7 0 +13 +14 +11 +7 +10 -8 +13 +22 -11

I I 1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.32 1.32 1 I.32 1.32 !.31 1.32 1.31 1.3t 1.31 1.31 1.32 1.32 1.32

+1 +1 +1 +1 +1 0 +1 0 0 0 0 +1 +1 +1

-n -, .. :' r. .om m;i:• .ijpt 73.5 ' ,5 --
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Rare Island Naval Shipyard. Rubber Laboratory. Report No. 92-18 of

24 February 1964. Unolassified. EFNECT OF SUHNI AGING ON NIL-?-

5516A O-RINGS, F]in PROGRESS REPORT by A. 6. Barrett. 0-rings
Initially oonforming to Specification NIL-P-5516A have been shelf
aged for 9 years. During the first 4 years of this period, the

0-rings were stored in sealed, lined, envelopes. Representative
samples wPre then tested for tensile strength, ultimate elongation,

tensile stress, set and specific gravity. During the latter 5

Ss kp sealed in the envelopes. some weve exposed

to air and artificial light, and some were exposed to air with

light excluded. Representative samples were again tested. No

significant changes in the measured physical properties were

observed. It Is concluded that O-rings which meet the require-

meats of Specification NIL-P-5516A will give satisfactory service

v: after at least 9 years aging at moderate temperature.

Nare Island Naval Shipyard. Rubber Laboratory, Report No. 92-18 of

24 February 1964, Unelassified. EFFECT OF S3L AGING ON NIL-P-
5516A O-RIas. PIM PROGRESS REPORT by A. H. Barrett. 0-rings

Initially conforming to Specification NIL-P-5516A have been shelf

aged for 9 years. Burilng the first 4 years of this period, the
0-rings were stored In sealed. lined. envelopes. Representative

samples were then tested for tensile strength, ultimate elongation,

tensile stress, set and specific gravity. Daring the latter 5
years, some were kept sealed In the envelopes, some were exposed

to air and artificial light, and some were exposed to air with

light excluded. Representative samples were again tested. No

significant changes In the measured physical properties were

observed. It is ooncluded that O-rings whi .h meet the require-

ments of Specification MIL-P-5516A will give satisfactory servioe

after at least 9 years aging at moderate terperature.

Rare Island Naval Shipyard. Rubber Laboratory. Report No. 92-18 of
24 Pebruary 1964, Unclastlfled. EFFECT OF SHELP AGING ON NIL-P-

5516A O-RI•NOS, PIFT1H PROGRESS REPORT by A. S. Barrett. O-rings

Initially conforming to Specification NIL-P-5516A have been shelf

aged for 9 years. During the first 4 years of this period, the

O-rings were stored in sealed, lined, envelopes. Representative

samples were then tested for tensile strength. ultimate elongation.

i tenzIle stress, set and specific gravity. During the latter 5
years, some were kept sealed In the envelopes, some were exposed

to air and artificial light. and some verP .'-pse4 tro air v.!t

light excluded. Representative samples were again tested. No

significant changes in the measured physical properties were

observed. It Is concluded that 0-rings vhich meet the require-

ments of Specification XIL-P-5516A will give satisfacLory service
arter at least 9 yearc sgrng at moderate temperature.
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